Synthesis and structural characterization of the two new lanthanum-magnesium-stannides La 3 Mg 4-x Sn 2+x (0.12x0.40) and LaMg 3-x Sn 2 (0.33x0.78) are reported. The crystal structures of these intermetallics were determined by single crystal X-ray diffraction analysis and confirmed by Rietveld refinement of powder X-ray diffraction patterns of the corresponding samples.
Introduction
This work is a part of systematic research devoted to the study of phase relations and crystal chemistry in R-Mg-T ternary systems, where R is a rare earth metal and T a transition or p-block element [1, 2, 3] . In fact, these systems have been proved to be rich of ternary intermetallic phases, studied from the point of view of crystal structure, chemical bonding and physical properties [4, 5, 6, 7] . The structural and chemical role of Mg in such compounds is of special interest: in several cases this element was found to be bonded to the most electronegative component (T) to form a polyanionic network counterbalanced by the rare earth metal [6, 7, 8, 9, 10] . In particular, for T = tetrel (elements of the 14 group of the periodic table), different structural fragments based on T-T covalent interactions stabilized by Mg were highlighted [7, 11, 12, 13 ].
Whereas numerous rare earth-magnesium-germanides have already been studied [3, 7, 12, 13] , data on related stannides are practically limited to the RMgSn equiatomic compounds [14] . In fact, the high oxidizability of binary and ternary alloys based on R-Sn systems is an experimental drawback which significantly hampers the research of new compounds. Nevertheless, during our investigation of the La-Mg-Sn system [15] several novel ternary intermetallics were detected and characterized:
two of them, La 3 Mg 4-x Sn 2+x and LaMg 3-x Sn 2 , are presented in this paper. Beyond the description of their synthesis and crystal structure solution, the crystallographic similarities between these phases, together with the already known LaMgSn, will be discussed in terms of AlB 2 -related structures with the aid of group-subgroup relations in the Bärnighausen formalism.
Experimental details
Single Pure ( 99.9 mass%) constituent metals were used for the direct synthesis; all of them were supplied by NewMet Koch, Waltham Abbey, England. A sealed Ta crucible, containing the stoichiometric amounts of the three elements, was enclosed into an evacuated quartz vial and placed in a resistance furnace equipped with a thermal controller. A thermal cycle was then applied, consisting of a heating from room temperature to 850 °C (sample # 1) or 950 °C (sample # 2) with a rate of 10 °C/min, an isothermal plateau of 2 minutes and finally a slow cooling (about 0.3 °C/min) down to 350 °C. The furnace was then switched off and the alloys were cooled until room temperature. A continuous rotation, at a speed of 100 rpm, was applied to the vial during the thermal cycle: from our experience this procedure favours the growth of good quality crystals.
Microstructure examination as well as qualitative and quantitative analyses were performed on polished samples by a scanning electron microscope (SEM) Zeiss Evo 40 equipped with a Pentafet Link Energy Dispersive X-ray Spectroscopy (EDXS) system managed by the INCA Energy software (Oxford Instruments, Analytical Ltd., Bucks, U.K.).
Good quality single crystals were extracted from the two mechanically fragmented samples and subsequently mounted on glass fibers using quick-drying glue. The crystals are sufficiently stable in air at ambient conditions to perform standard X-ray diffraction experiments.
A full-sphere dataset was obtained in routine fashion at ambient conditions on a four-circle Bruker Kappa APEXII CCD area-detector diffractometer equipped by the graphite monochromatized Mo K radiation ( = 0.71073 Å). The instrument was operated in the -scan mode. The acquired scans (exposure for 20 s per frame) were integrated using SAINT-Plus [16] and the highly redundant final dataset was corrected for Lorentz and polarization effects. Semiempirical absorption corrections (SADABS) [16] were applied to all data. The structures were solved by Jana2006 [17] and refined by full-matrix least-squares procedures on |F 2 | using the SHELXL programs [18] as implemented in WinGx [19] . No missed higher crystallographic symmetry in the final models was found by PLATON [20] . Refined positional parameters have been standardized by STRUCTURE TIDY program [21] . Details on the structure refinement can be found in the Supporting Information in the form of CIF file. The CIF has also been deposited with Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany: depository numbers CSD-429707 (La 3 Mg 4-x Sn 2+x ), CSD-429708 (LaMg 3-x Sn 2 ). Some details of the data collection and refinement for the studied crystals are summarized in Table 1 ; the structure solution is described in the "Result and discussion" section.
The precession photos of hk0 zone for La 3 Mg 4-x Sn 2+x and h0l zone for LaMg 3-x Sn 2 single crystals reconstructed from experimental datasets are shown in Fig. 1a -b, respectively.
X-ray powder diffraction data were collected on the two studied samples by means of a vertical diffractometer Philips X'Pert MPD (Philips, Almelo, the Netherlands), using the Cu-K radiation at room temperature. The angular range 5-110° was scanned, with step width and time per step suitable to obtain a good peak resolution. Rietveld refinement was subsequently performed, using the Jana2006 or Fullprof softwares [17, 22] , in order to ensure the structural models.
The homogeneity regions of the two studied compounds were determined by SEM-EDXS and XRPD analysis of several La-Mg-Sn samples synthesized by induction melting and annealed at 
Results and discussion

Sample characterization by SEM-EDXS analysis
The applied synthetic method often leads to inhomogeneous, multi-phase alloys, nevertheless Results of EDXS analysis of the two title phases found in several samples annealed at 500 °C [15] are listed in Table 2 , showing a detectable homogeneity range for both. 
Crystal structure of La 3 Mg 4-x Sn 2+x
The indexing of the diffraction dataset of La 3 Mg 4-x Sn 2+x single crystal gives a small hexagonal unit cell with a = 7.80 Å, c = 4.48 Å. The collected reflection conditions are compatible with several space groups: P6, P 6, P6/m, P622, P6mm, P 62m and P6/mmm. The structure solution was easily found in P 62m with the aid of the charge flipping algorithm implemented in Jana2006 [17] . No chemically sound models were found in other space groups.
The deduced preliminary structural model contains four crystallographic sites, giving the Table 3 le 3 do not line) X-ray extending from about x = 0.12 to x = 0.40, was observed for this phase at 500 °C (see Table 2 ). It could be highlighted that the homogeneity region does not reach the exact 3:4:2 stoichiometry.
The title phase can be viewed as an ordered derivative of the hP9-ZrNiAl prototype, very common for chemically similar equiatomic ternary compounds. It is worth noticing that the LaMgSn compound also exists, crystallizing in the related oP12-TiNiSi structure type [14] . More details on structural relations between the known La-Mg-Sn ternary compounds are reported and discussed in paragraph 3.4.
Crystal structure of LaMg 3-x Sn 2
The indexation of the collected single-crystal dataset of LaMg fig. 4a . This scheme, already used when deducing the correct structure for the prototype with Ge [3] , is reported here with the purpose to discuss the LaMg 3-x Sn 2 off-stoichiometry from the geometrical point of view.
Similarly to LaLi 3 Sb 2 and CaAl 2 Si 2 types, the crystal space of LaMg 3-x Tt 2 can be viewed as composed of slabs containing only Mg and Tt atoms well separated by flat layers of La atoms (see fig. 4a ).
Each of the tetrahedra shares four adjacent edges with neighbouring tetrahedra (for details see [24] ) giving a robust framework. It should be noted that the strongest MgSn contacts in other ternary compounds showing similar MgSn slabs, such as Na 2 MgSn [25] and LaMgSn [26] , are likewise distanced.
Within this MgSn network three distorted hexagonal cavities can be highlighted, with centres of On the other hand, this phase was found to exist in the homogeneity range from x  0.33 to x  0.78 (see Table 2 ). The Mg poorer compositions (x>0.33) can be structurally supported by a smaller occupation degree of the 2a site. In fact, even in the Ge prototype, the SOF of the same site is only 0.78 [3] .
Structural relationships between La-Mg-Sn ternaries
The three La-Mg-Sn compounds known so far (LaMgSn, La 3 Mg 4-x Sn 2+x and LaMg 3-x Sn 2 ) enrich the family of structures related by symmetry reduction to the AlB 2 -aristotype. A convenient way to represent the symmetry relations inside a family of compounds is the Bärnighausen formalism, developed within the group theory. This approach is not only descriptive, but it also helps to highlight and explain a number of phenomena causing symmetry reduction, such as vacancy formation, bonding interactions between atoms, ordered occupancy of equivalent sites by different species, and many others [30] . The group-subgroup relations tool was applied by Hoffmann and Pöttgen to construct a big tree including both the hexagonal/trigonal and orthorhombic/monoclinic derivatives of the AlB 2 -type [31] . Some branches were subsequently added with the discovery of new compounds [32] .
The of chemical bonding studies [7, 10, 33] . On the other hand, La atoms mainly play the role of spacers, which is reflected in a less distorted pattern with respect to the aristotype.
As it was already introduced in paragraph 3.2, the La 3 Mg 4-x Sn 2+x (hP9, ordered derivative of the ZrNiAl prototype) and LaMgSn (oP12-TiNiSi) also represent two structural modifications very common for equiatomic ternaries. Different driving forces for the formation of the former or the latter were studied. For example, higher temperature and pressure favor the hexagonal polimorph for YbPdSn [34] and CePtSn [35] , respectively.
The electronegativity also can act as a key factor stabilizing one of the two structures. This is the case of the CaAgPn (Pn = As, Sb) compounds: for Pn = As the ZrNiAl type realizes, instead for Pn = Sb the TiNiSi-like structure forms, as a consequence of the different degree of polarity of the AgPn bonds [23, 36] . On the other hand, the different nature of one of the components may lead to the formation of new structures, being intergrown derivatives of the discussed prototypes [36] .
Another case is represented by the above mentioned stannides, where the chemical pressure induced
by the different Mg/Sn ratio determines the stability of the hexagonal or the orthorhombic structure.
A similar situation occurs in the (Zr, Hf)-Cu-(Si, Ge) systems [23] . 
